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CHAPTER 3 
 
3 METHODOLOGY 
 
3.1 Introduction 
This chapter presents the preparation method for the CuFe2O4 photocatalyst as well as the 
description of photocatalyst characterization technique. The characterization techniques 
include nitrogen physisorption for BET specific surface area and pore size distribution, 
X-ray diffraction (XRD) for crystalline structure scanning and Field Emission Scanning 
Electron Microscopy (FESEM) for surface morphology capturing. In addition, the 
discussion about the operational procedures for the photo-degradation of methylene blue 
and glycerol solution as well as sample analysis is also presented in this chapter. 
3.2 Chemicals 
Table 3-1 shows the chemicals employed in the catalyst preparation, photocatalytic 
reaction and photocatalyst characterization. These chemicals were purchased from 
Sigma-Aldrich. The distilled water was readily available from the water purification 
system available in the laboratory of Universiti Malaysia Pahang (UMP).  
 
Table 3-1 : List of chemicals and its applications 
Chemical Purity Application 
Copper (II) nitrate, Cu(NO3)2 99% Catalyst synthesis 
Iron (III) nitrate, Fe(NO3)3 99% Catalyst synthesis 
Sodium hydroxide, NaOH 10% Catalyst synthesis 
Glycerol 99% Photocatalytic reactant 
Methylene blue , C16H18N3SCl 99% Photocatalytic reactant 
Hydrogen peroxide, H2O2 30% Oxidizing agent 
N2/He mixture N2=30.03%, 
He=balance 
BET analysis 
He >99.996% BET analysis 
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N2 >99.99% BET analysis 
Acetonitrile 99% HPLC analysis 
3.3 Photocatalyst preparation 
 
There are several preparation methods to produce CuFe2O4 such as solid state reaction, 
co-precipitation, sol–gel process and combustion synthesis. The method employed in the 
current work was co-precipitation. 
 
A total of 0.01 mol of Cu(NO3)2·3H2O and 0.02 mol Fe(NO3)3·9H2O were dissolved in 
100 mL of distilled water. Under vigorous magnetic-stirring, the pH of the mixture was 
slowly raised by adding 10% NaOH solution to achieve pH of 10 followed by continuous 
stirring for 30 min. Subsequently, the suspension was heated to 95–100 °C for 2 h. After 
cooling, the prepared CF nanoparticle was transferred onto filter paper and then 
repeatedly washed with distilled water. The washed solid was remained on the filter paper 
and dried at 50 °C for 5 h and at 110 ⁰C for 3 h. The dried material was ground and then 
calcinated at 600 °C for 1 h (Mahmoodi, 2011). 
 
3.4 Photocatalyst Characterization 
Catalyst characterization provides useful information on the physicochemical properties 
of the catalyst itself. The information from various characterization techniques is able to 
improve the understanding of the physicochemical attribution in relation to the 
photocatalytic performance. The catalyst prepared was characterized by the methods 
listed in Table 3-2. 
Table 3-2 : List of catalyst characterization techniques and its equipment 
Techniques Equipment 
N2 Physisorption Thermo-Scientific Surfer 
Gas pycnometer Pycnometer type 1305 Micromeritcs 
XRD Rigaku Miniflex II 
FESEM JEOL JSM-7800F 
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Subsequently, the following subsection will describe the fundamental theory and concept 
of these characterization techniques used in this work. 
 
3.4.1 Nitrogen physisorption (BET) 
 
Brunauer-Emmett-Teller (BET), is the most widely used procedure, which is an extension 
of the Langmuir’s pioneer work. This instrument of model Thermo-Scientific Surfer was 
used to determine the specific surface area of the catalyst sample. The specific surface 
area of a powder was determined by physical adsorption of a gas on the surface of the 
solid by calculating the amount of adsorbate gas corresponding to a monomolecular layer 
on the surface. Physical adsorption results from relatively weak forces which is Van der 
Waals forces between the adsorbate gas molecules and the adsorbent surface area of the 
test powder. The most commonly used adsorbate is N2 with the cross sectional area of 
16.2 Å². The adsorption of N2 is carried was carried out at the boiling point of nitrogen 
which is about 77.4K.The determination method was operated at the temperature of the 
liquid nitrogen. The amount of gas adsorbed can be measured by volumetric or continuous 
flow procedure. According to Braunauer, Emmet, & Teller (1938), BET adsorption 
isotherm is shown as : 
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where  
P = partial vapour pressure of adsorbate gas in equilibrium with the surface at 77.4 K, in 
Pa 
 
Po = saturated pressure of adsorbate gas, in Pa 
 
Va = volume of gas adsorbed at standard temperature and pressure (STP) (273.15 K and 
atmospheric pressure = 1.013 x 105 Pa), in millilitres 
Vm = volume of gas adsorbed at STP to produce an apparent monolayer on the sample 
surface, in millilitres 
 
